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Abstract 
A short review on the chemical composition of underground brines is presented. Diagrams of brine saturation of 
upper-saline, saline, and under-saline formations have been determined with respect to common minerals of the 
water-bearing rock. It is shown that even brines of 300-500 g/dm3 are not equilibrated with primary (endogenic) 
minerals, as they all continue to react. 
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1. INTRODUCTION 
The interaction of water with country rock is the most important process for brine composition 
formation. So study of the degree of equilibration between rock minerals and aqueous phase is a 
necessary stage to understand the original brines chemical composition. In this paper, the results obtained 
from a study of saturation performed on Tuguska artesian plate brines with respect to carbonates, sulfates, 
chlorides, and aluminosilicates are presented. 
Underground brines are common all over the territory. They are located from a depth of 500 m [1-2] 
and are confined to Riphean, Vendian, Cambrian, Ordovician, Silurian, Permian, and Triassic. According 
to hydrogeological stratification [1], the whole sedimentary cover is divided into uppersaline, saline and 
undersaline formations.  
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2. SHORT CHARACTERISTIC OF BRINE CHEMICAL COMPOSITION 
Equilibrium calculations of 128 samples were performed. These included brines of Cl-Na, Cl-Na-Ca, 
Cl-Ca-Na types, and seldom Cl-Ca and Cl-Na-Mg types with total salinity from 107 to 528 g/dm3 (table 
1).  
Table 1. Chemical composition of underground brines (g/dm3) 
 
 Allunskaya 1 Suho-Tyngysskaya 8 Tanachinskaya 4 Ognevskaya 132 Urybchenskaya 30 
Rock age Silurian Cambrian Cambrian Cambrian Proterozoic 
Sampling interval, m 806-845 775-789 1902-1946 2074-2179 2550-2557 
рН 7.6 4.0 5.6 6.2 4.6 
TDS 236.9 350.5 527.5 493.4 220.6 
Cl- 145.59 215.82 326.06 309.78 128.70 
SO42- 0.31 0.11 0.05 0.06 0.73 
HCO3- 0.02 0.04 0.05 1.10 0.06 
Br- 2.49 4.39 6.16 4.25 0.02 
Ca2+ 41.48 64.10 64.10 125.50 22.24 
Mg2+ 2.80 11.40 18.20 17.50 6.81 
Na+ 41.58 34.20 95.00 11.40 42.75 
K+ 2.65 20.40 17.50 24.30 3.75 
Sr2+ 2.47 2.64 2.41 0.11 - 
SiO2 - - 0.04 - 0.01 
3. CALCULATION TECNIQUE 
Equilibrium calculations of brine-rock system are possible using numerical physicochemical codes and 
HydroGeo Code is the more adapted for our systems. Its advantage consists in algorithms of component 
activity calculations [3] using Pitzer [4] activity coefficients for concentrated solutions and brines. All 
calculations were completed for systems at the temperature and pressure of strata. The following basic 
(Cl-, HCO3-, SO42-, Br-, Ca2+, Mg2+, Na+, K+, Sr2+, Fe2+, SiO2) and complex species that are the most 
probable in the aqueous solution and common minerals of the rock are included. 
4. EQUILIBIUM IN THE SYSTEM «BRINE-ROCK» 
The common minerals of the rock, namely calcite, magnesite, dolomite, strontianite as carbonates, 
gypsum and celestine as sulfates, halite as chloride, and some aluminosilicates have been selected (Fig. 
1). These minerals are widespread in the rocks studied. 
For the most part, the brine samples are saturated with respect to calcite and dolomite. The points that 
correspond to the brines unsaturated in respect to calcite and dolomite (Fig. 1) belong to brines of salinity 
less than 300 g/dm3 and low рН value (3.2 – 5.3).  
There is no saturation of brines with respect to gypsum due to low SO4 content. The SO4 
concentration decreases with brine salinity increase. Highly concentrated chloride brines are very low in 
SO4. In some samples, SO4 is absent. Theoretically, unsaturated brines dissolve gypsum. The aqueous 
SO4 ion is reduced to hydrogen sulfide species [5-6] under reducing conditions. It is evidenced in Fig. 1e 
by a strip of point limited to the equilibrium boundary of brine in respect to gypsum. 
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On the phase diagram of halite saturation (Fig.1f), equilibrium is reached for only a few brine 
samples, in which the Cl-Na and Cl-Ca-Na brines of salinity is more than 370 g/dm3.  
 
 
 
     
Fig 1. Phase diagrams of uppersaline (1), saline (2) and undersaline (3) formations. 
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The saturation of brines in respect to gibbsite, kaolinite, montmorillonite, illite, muscovite and albite take 
place. Equilibrium of the brines with respect to anorthite and Mg-chlorite are not reached. 
5. CONCLUSIONS 
The underground brine-rock system was shown equilibrated in respect to only certain minerals of the 
host rock. Interaction of rock with the aqueous phase progresses to reach an equilibrium considering some 
minerals deposition and dissolution of others. Secondary mineral formation controls the content of cations 
and therefore the dissolution the primary minerals. It is clear the primary aluminosilicate rock minerals 
are never equilibrated with brines in spite of very high concentrations of brine and their long time contact. 
The main reason is contained in the secondary mineral formation and the neutralization of alkalinity by 
mineral and organic acids.  
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